Aims. We present the deepest and highest resolution near-infrared imaging to date of cluster Trumpler 14 in Carina. Our goal is to identify and characterise the young stellar population of this massive cluster. Methods. We made use of deep and wide-field NIR images from NTT and VLT observations, that were sensitive enough to detect substellar sources at the distance to this cluster, and at high enough resolution (VLT diffraction limited) to fully resolve the core of the cluster crowded with O stars. Results. We find that Tr14 has a well-defined core-halo structure, where less than 30% of the cluster's members reside in the core. The core is well characterised by a King function with a core radius of 0. 17 (0.14 pc at the adopted distance) and a constant baseline, the halo, of 125 sources/pc 2 . Despite the unusually large number of OB stars, the central number density at zero radius is ∼7.3 × 10 3 pc −3 , which is loose in comparison with similar clusters. We find a normal reddening law towards the cluster and derive a global reddening of A v = 2.6 ± 0.3 mag. We find convincing evidence of a sparse foreground population (∼5 sources/arcmin 2 ) reddened by about A v = 1.4 mag, which we suggest is not associated with Tr14 but is most likely an older population produced in the nearby young clusters of this complex. The colour-magnitude diagrams are compatible with ages between "zero" and ∼5 Myr, although the sources from the core of the cluster appear to concentrate on the youngest isochrones, suggesting that the halo population is, on average, slightly older than the core population. Using a set of simplistic, fixed-age, mass-luminosity relations, we derive a mass of 10 4 M for the cluster. From the NACO JHK s L data, we estimate a fraction of infrared-excess sources of 35%, although this is likely to be an underestimate given the bright completeness limits of the L band. Finally, we argue that the formerly identified proplyd candidates that fall inside our survey are not proplyds but remnants of the disrupted molecular cloud that surround the cluster. We also find a series of interesting objects in our field that are worthy of future attention: a candidate photoionised proplyd best seen in the L band, a compact nebula surrounding an early type star, and a tentative proplyd/small shock associated with a faint source.
Introduction
Trumpler 14 (Tr14) is one of the most studied clusters in the Galaxy. It is located in the Carina Nebula (NGC 3372) and has an impressive massive star content. It contains no less than 13 O stars, one of which is a rare O2If* (Walborn et al. 2002) , and 18 B stars (Massey & Johnson 1993; Vazquez et al. 1996) . The presence of such massive, unevolved objects suggests a young age for the cluster (<10 6 yr, Morrell et al. 1988; Penny et al. 1993; Massey et al. 2001) , which is confirmed by the fitting of evolutionary tracks to optical and near-IR (NIR) photometric data (Feinstein et al. 1973; Carraro et al. 2004; Vazquez et al. 1996; DeGioia-Eastwood et al. 2001; Tapia et al. 2003) and by the presence of a pre-main-sequence (PMS) of Based on observations collected with the NACO instrument at the VLT/UT4 Yepun at Paranal Observatory, Chile, under ESO program 74.C-0401(A), and with the SOFI instrument at the NTT at the La Silla Observatory, Chile, under ESO program 076.C-0884(A).
Photometric data are only available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/476/199 fainter stars Carraro et al. 2004 ). Vazquez et al. (1996) , DeGioia-Eastwood et al. (2001) , and Tapia et al. (2003) suggest star formation started 5 to 10 Myr ago and has been active in the cluster since then, and other authors indeed find compelling evidence for ongoing star formation in the whole Carina complex (Megeath et al. 1996; Brooks et al. 1998; Smith et al. 2003 Smith et al. , 2004 Smith et al. , 2005b Rathborne et al. 2004 ). In particular, the Car I dark cloud (de Graauw et al. 1981; Brooks et al. 1998 ) that borders Tr14 to the SW seems to be an active region of star formation judging by its clumpy structure (Brooks et al. 2003; Tapia et al. 2006 ) and the presence of deeply embedded (young) objects and ultra-compact HII regions, at least one of which is compatible with a B0-O9 star (Brooks et al. 2001; Rathborne et al. 2002; Tapia et al. 2003) . Smith et al. (2003) also find numerous proplyd candidates in the area of Tr14.
Morphologically, Tr14 is a centrally concentrated cluster, roughly spherical in the optical and slightly elongated toward the SW as traced by the NIR (Tapia et al. 2003 ) and X-rays (Townsley 2006) . Tapia et al. (2003) find the cluster population to be abruptly truncated in the SW at the location of the bright rim comprising the ionisation front Car I-E. The cluster is still wrapped in the (original) Northern Molecular Cloud to the west and in the back and is in the process of disrupting it by carving an ionised cavity (de Graauw et al. 1981; Brooks et al. 2001) . According to Tapia et al. (2003) , this cloud should be thick enough to block the light of the background stars in the optical and also in the NIR, acting as a shield against most of the contamination from background sources.
Despite the numerous and different attempts, the distance to the Carina Nebula in general and to Tr14 in particular has not been settled. The first determination of distance goes back to Becker (1960) , who estimates a distance to the complex of 1.66 kpc via photographic plate photometry. The distance determinations that followed relied upon spectral parallax from optical and/or NIR photometry (Walborn 1973; Turner & Moffat 1980; Morrell et al. 1988; Tapia et al. 1988; Massey & Johnson 1993; Tapia et al. 2003) and proper motion studies (Cudworth et al. 1993) , and have yielded values in the range 1.7 to 3.9 kpc. The measurements that rely solely on optical data are greatly dependent on the accurate knowledge of the extinction law. Several authors (Feinstein et al. 1973; Herbst 1976; Forte 1978; Smith 1987; Tapia et al. 1988; Garcia et al. 1988 ) have reported anomalies in the characteristics of the interstellar reddening in this region, although they seldom disagree amongst themselves on the exact slopes of the reddening vector. Turner & Moffat (1980) and Massey & Johnson (1993) , in turn, find no evidence for such anomalies. This issue has contributed for the great discrepancies found in the distances toward Tr14: Feinstein et al. (1973) , for example, find distances of 2.6 or 3.4 kpc just by using different extinction laws. This controversy appears to be constrained to optical wavelengths (in particular U and B bands), as the reddening for λ > 0.5 µm goes back to being "normal" (Tapia et al. 1988) .
The issue of whether Tr14 lies at the same distance as the other clusters in Carina, namely Trumpler 16, the other massive cluster of the complex and home to the emblematic luminous blue variable η Carinae, has also been the subject of strong debate (see Smith et al. (2000) for the spatial context of the Carina nebula). Whereas some authors have argued in favour of the two clusters belonging to the same complex (Becker 1960; Feinstein et al. 1973; Tapia et al. 1988; Cudworth et al. 1993; Massey & Johnson 1993) , others have placed them at different heliocentric distances (Walborn 1973; Morrell et al. 1988; Carraro et al. 2004 ) and considered them to be unrelated, usually finding Tr16 to be closer (and also older) than Tr14. In the recent literature, the two clusters are assumed to be at the same distance and associated with same cloud, with the exception of Carraro et al. (2004) who find a much larger distance (4 kpc) for Tr16, based on MS fitting in optical colour-magnitude diagrams.
The goal of this paper is to characterise Tr14 through the deepest and highest resolution NIR survey of this cluster to date. Section 2 describes the data, Sect. 3 presents the results and Sect. 4 lists our most important conclusions.
Data
Tr14 was imaged with SOFI, NTT (La Silla, Chile) and with NACO, VLT (Paranal, Chile) . In this section we describe the acquisition, reduction and photometry of these data.
SOFI
The data from SOFI were obtained in the night of March 24, 2006 . The cluster (10 h 24 m 01 s , −57
• 45 32 ) was imaged in J, H and K s with long exposures for the photometry of the faint stars and short exposures for the bright stars.
The long exposures (12 × 10 s in J and H and 15 × 8 s in K s ) were taken in large field mode (field of view of 4. 9 × 4. 9, pixel scale ∼0. 288/pixel) to image the largest possible area of the cluster. The short exposures were taken in large field mode (5 × 1.2 s for J, H and K s ) and in small field mode (field of view of 2. 4 × 2. 4, resolution ∼0. 144/pixel, 5 × 1.2 for J, H and K s ) to image the inner part of the cluster. The shorter exposure times, associated with the distinct (less sensitive) optics configuration in the case of the small field mode, help to minimise the saturation of the brightest stars, mostly concentrated in the central part of the cluster.
We also observed a nearby control field (10 h 38 m 13 s , −59
• 12 00 ), which lies at approximately the same galactic latitude. This field was imaged in large field mode in J, H and K s with the same (long) exposure times as for the science frames.
Data reduction
The SOFI data was reduced with IRAF 1 following the standard procedure: crosstalk, flatfield and illumination correction. Since the surroundings of the cluster still have a large number of objects, the median filtering applied to the sky frames did not eliminate all the stars, even with threshold pixel rejection and despite the observations having been carried in "on-off" mode, which produced a sky image for every science frame. For this reason we chose to remove the stars in the sky frames via crude PSF subtraction and only then combine the PSF-subtracted sky images adjacent to each science frame to produce representative and homogeneous sky frames adequate for the sky subtraction. The PSF subtraction of the stars in the sky frames introduces a low level of noise that is then carried into the science frames, but our tests showed this to be the best way to perform the sky subtraction with the available images. The individual science subframes were then registered and averaged into the final images.
The offsets between the sub-frames were determined with JITTER. The final J, H and K s frames were then registered to one another. The common area of the images is 3. 89 × 3. 81 for the long exposures, 2. 21 × 2. 12 for the small-field short exposures, and 4. 25 × 4. 14 for the large-field short exposures. Figure 1 shows the colour image of the cluster composed from the three final long exposure frames in K s (red), H (green) and J (blue).
Source extraction and photometry
We used IRAF DAOFIND to detect the sources in the images. In the long-exposure frames, the routine searched for sources with a PSF of full width at half maximum (FWHM) from 2.3 to 2.5 pixels (0. 66 to 0. 71) and brighter than 5 times the mean noise of each image. For the large-field short-exposure images the FWHM ranged from 2.2 to 2.6 pixels (0. 63 to 0. 75), and the detection threshold was chosen to be 20 to 40 times the mean noise in each image. For the small field short exposure images the FWHM was 5.5 pixels (0. 79) for all bands and the detection threshold was taken as 30 to 60 times the mean noise in each image. The detection threshold in the short exposures is high because we are only interested in the brightest stars that appear saturated in the long exposures that detect the fainter stars at better signal-to-noise ratios. We performed PSF photometry on the stars of the cluster due to crowding in most of the image. This was done with IRAF DAOPHOT. The PSF was chosen from the standard functions defined within IRAF to be the best fit to a set of bright and isolated stars. The best fit was found for the "Penny" function (a Gaussian core with Lorentzian wings) for all bands of all frames except for the J and H bands of the large field, short exposures, where the best fit to the PSF was obtained for the Moffat function (a modified Lorentzian function). The instrumental magnitudes were converted into the Persson et al. (1998) photometric system and from there to the 2MASS photometric system according to the following set of equations: SOFI to Persson (SOFI's user manual):
Persson to 2MASS (Carpenter 2001 ):
where the subscripts "P" and "2" indicate Persson and 2MASS, respectively. The SOFI magnitudes have no subscript. The magnitudes of the stars in the field were then compared with the 2MASS photometry, thus obtaining an "instrumental zeropoint" for the magnitude scale that includes the airmass correction, the mean aperture correction and the actual photometric zeropoint. These zeropoints were then used to cross-calibrate the magnitude scale of the short-exposure images. The "instrumental zeropoints" calculated in this way are summarised in Table 1 . The difference in resolution between the 2MASS sample and our own does not significantly influence the calibration as the stars with the largest difference in magnitude, presumably the blended doubles in 2MASS, are rejected from the comparison. We used the parameters sharpness and chi given by ALLSTAR to exclude the stars with poor photometry. These parameters measure the roundness of the object and the goodness of the PSF fit and were considered acceptable between -1 and 1 and below 4, respectively. The mean photometric errors after the aforementioned cuts are of 0.03 mag in J, H and K s for the long exposures and 0.04 mag in the three bands for the short exposures.
The photometry from the long and short exposures were put together to include all the stars from the long exposures (higher signal-to-noise) and those stars from the short exposures that were saturated in the first.
NACO
J, H, K s , L and 4.05 µm near-infrared, high-resolution images of Tr14 cluster core were collected on January 22nd and 23rd, 2005, using the adaptive-optics assisted imager NACO at the Nasmyth-B focus of the ESO/VLT fourth 8-m telescope unit Yepun located at Cerro Paranal, Chile. The NACO (NAOS-CONICA) instrument 4 is equipped with an AO system, NAOS (Rousset et al. 2003) , which provides both visible and infrared wavefront sensing and illuminates the CONICA camera Hartung et al. 2003) equipped with an Aladdin 1024 × 1024 pixel InSb array detector. The whole system provides diffraction-limited images across the full wavelength range (1-5 µm).
Tr14 was observed in J (1.265 ± 0.25 µm), H (1.66 ± 0.33 µm) and Ks (2.18 ± 0.35 µm) broad-band filters using NAOS visible wavefront sensor and the visible dichroic, indicated for a crowded field with bright stars. The L (3.80 ± 0.62 µm) and 4.05 µm (4.051 ± 0.02 µm) images were acquired with IR wavefront sensing and JHK dichroic suitable for thermal-IR observations. The largest FOV cameras with 56 × 56 were used, S54 for short-wavelength (1-2.5 µm) observations (54.3 mas/pixel) and L54 (54.7 mas/pixel) for the 4.05 µm narrow-band images. The L images were collected with the only possible camera, L27 (28 × 28 , 27.12 mas/pix), which provided fully sampled images according to the Nyquist sampling criterion. The brightest star in the field, HD 93129A (10 h 43 m 57 s , −59
• 32 51 , J2000.0), served as the NGS (natural guide star). On-source and on-sky images were alternatively acquired following an ABBA pattern, where the sky exposures were at a constant distance of 300 arcsec and randomly distributed on a circle surrounding the initial telescope position. The "object" positions were observed with the AO loop closed, while the "sky" positions were observed in open AO loop. The on-source exposures were randomly distributed around the telescope initial position, within a 20 × 20 Jitter Box. Each of the 6 JK s and 10 H "object" frames resulted from the mean of 200 sub-integrations of 0.345 s, giving a total exposure time on source of 6.9 min, for the J and K s images and 11.5 min for the H image. A total exposure time of 9.5 min was obtained for the L image from 19 frames of 150 sub-integrations of 0.2 s. The narrow-band 4.05 µm image is the result of 10 frames of 70 subintegrations of 0.4 s giving a total exposure time of 4.67 min. On the night of January 22 the seeing was 0.97, 0.85 and 1.39 at the start of the J, H and K s observations, respectively. There is no seeing data available for the night of January 23, 2005. Since Tr14 images were collected as part of a backup plan, there was no defined observational strategy and, due to the little time left, no standard stars were observed . For the same reason, no skyflats were collected for the 4.05 µm observations with the L54 camera.
Data reduction
Standard reduction procedures were applied using IRAF and the NACO pipeline 5 (called conicap), which is based on the ECLIPSE 6 library. The raw images were dark-subtracted and flatfielded using the conicap result products. For the JHK s data, a median sky frame was computed from the best raw sky frames, i.e., the ones with no stars in the field, and subtracted to the dark, flat-fielded images. They were then corrected for hot pixels, cross-correlated and aligned by sub-pixel shifting and combined to produce the final images, while eliminating cosmic rays and other artifacts not removed in the previous processing (for bright objects, a number of electronic and optical ghosts become apparent). For the L data, each "sky" image was subtracted from the "object" image on a frame-by-frame basis. These pairs were combined, clipping for object pixels, to create an image of an optical ghost, a large circular ring resulting from the subtraction of AO closed loop-and open-loop observations. This "ghost" image was then subtracted from the created pairs, and ghostsubtracted images were aligned and median combined into the final processed L image. The 4.05 µm data were reduced in a similar way to the L data but skipping the flat-field due to missing the appropriate skyflat images.
The offsets between the sub-frames were determined with JITTER. The final J, H, K s , and L frames were then registered to one another and trimmed at the common area. After the trimming, the final area of the images for photometry was 22. 8 × 22. 9. The 4.05 µm image was not used in photometry but served as a cross-reference for the interesting objects found in the L image (see Sect. 3.10) . Figure 2 shows the image of the centre of the cluster in the H band in logarithmic intensity scale. Both the NACO's characteristic high resolution and the effect of the anisoplanatism are clearly visible in this image. 
Source extraction and photometry
The data suffers from a moderate but significant degree of anisoplanatism, a common effect in observations from adaptive optics. Nevertheless, since we do not have a specific tool to handle this kind of data, we chose to adopt a standard source detection and photometry procedure.
We used IRAF DAOFIND to detect the sources with FWHM of 0. 12 to 0. 14 and brighter than 5 times the mean noise in the "clean" areas. We performed PSF photometry with IRAF DAOPHOT using a second-order variable PSF to minimise the effects of the anisoplanatism. The stars used to define the PSF were chosen to be moderately bright, isolated, as much as possible, and spread across the whole extent of the image, which amounted to 15 to 24 stars depending on the frame. The best fits were always obtained for Penny functions, composed of a Gaussian core and Lorentzian wings. The residuals from the PSF subtraction were significant and in particular larger than for the SOFI data due to the anisoplanatism, but overall the same order of magnitude for all objects in each frame. NACO user's manual does not provide the transformation equations for any standard photometric system. Assuming that there is little difference between NACO and 2MASS systems as is the case for the SOFI data, we have used these data to crosscalibrate the JHK s data by determining zeropoints to the magnitude scales using the stars common to the both images (see Table 2 ), thus roughly obtaining the magnitudes in the 2MASS system. This zeropoint includes the correction for all additive phenomena affecting the data so far, namely the airmass correction, the actual photometric zeropoint, and an "aperture correction" that minimises the impact of the large residuals from the PSF fit in the photometry. As noted earlier, the very brightest stars have, in general, brighter residuals which means that the global (zeropoint) correction applied to each frame is probably not enough to yield accurate photometry for these objects. We did not address this problem in detail, so we note that the photometry of these objects from the NACO sample should be interpreted with caution. The large rms reflect the difference in resolution in an area as crowded as the central part of the cluster. Despite these errors and the ones eventually introduced by the deficient PSF photometry, this calibration appears to be reasonable since the diagrams are perfectly consistent with the data from SOFI (see Fig. 11 ).
The L band was not accurately calibrated as we did not have regular standards or catalog information for this band. However, we did estimate a rough zeropoint of 21.2 mag using the overall distribution of points in the (J − H) − (K s − L ) colour-colour diagram by forcing it to be consistent with the distribution in the JHK s colour-colour plot. The exact calibration of this band is not crucial for our analysis.
Again, we used the parameters sharpness and chi given by ALLSTAR to exclude the stars with poor photometry. These parameters measure the roundness of the object and the goodness of the PSF fit and were considered acceptable between -1 and 1 and below 4, respectively. The mean photometric errors after the aforementioned cuts are 0.05 mag for J, 0.03 mag for H and 0.04 for K s and L .
Completeness limits
The completeness limits were determined for the long exposures by adding artificial stars of increasing magnitudes to the original frames. For each (0.5 mag) magnitude bin, the stars were added in fixed positions separated from the adjacent ones by two PSF radii + 1 pixels (PSF radius ∼10 pixels) according to the model PSF used for the photometry, thus comprising a grid with the maximum possible number of stars that does not add to the crowding effect. Our 90% completeness limits are therefore J = 15.88 mag, H = 15.00 mag and K = 14.52 mag. The reason for these high completeness limits is the high surface density of sources, leading to blending and some confusion (see next section).
The limits determined above are an average over the longexposure frames and are not representative of the central, more crowded regions of the images, where the source detection is severely hampered by crowding effects. We have compared the detections in the SOFI (long and short exposures) and NACO samples to have a feel for the completeness in the cluster core and found that only 37, 31 and 38% of the stars detected with NACO are detected with SOFI in J, H and K s , respectively. This is merely a consequence of resolution: SOFI's resolution element for the current seeing is 1. 4, which is considerable in crowded regions such as the core of massive clusters and, in particular, of Tr14. NACO's resolution element is ten times smaller (0. 14), making it much more adequate when studying these regions. This illustrates well the limitations of seeing-limited photometry in crowded regions. The sensitivity limits, however, are fainter with SOFI for this specific settings: the faintest star detected with NACO is K s = 18.6 mag, whereas the faintest detected with SOFI is K s = 19.8 mag, more than one magnitude fainter. 
Astrometry
The world coordinates for the images were calculated by comparing the positions of some isolated stars with stars in 2MASS.
The routines CCMAP and CCSETWCS in IRAF calculated the transformation parameters and applied the transformations to within 0.03 (1-σ).
Results
In the present survey, we detect 3519, 4012, and 4667 sources in J, H and K s , respectively with SOFI (NTT) and 133, 184, 178, and 72 sources in J, H, K s and L with NACO (VLT).
Spatial distribution
Figure 1 reveals a rich field toward Tr14 and an obvious concentration of stars toward the centre, although not as compact as other massive clusters (e.g., Ascenso et al. 2007) . Figure 3 shows the stellar-density contour plot as derived from the K s -band data from SOFI and NACO. The star counts were obtained by subdividing the region into a rectilinear grid of overlapping squares, counting the number of stars in each square and dividing by the area of the square. The squares were 12 × 12 in size and were separated by 6 , the Nyquist spatial sampling interval. The lowest and highest contours correspond to densities of 330 and 2330 sources/arcmin 2 , respectively. The distribution is centrally concentrated and elongated toward the SW direction, as already observed by Tapia et al. (2003) . The major axis of this elongated shape is roughly perpendicular to the direction of Trumpler 16, a geometry that may be relevant in a scenario of triggered star formation.
The surface density radial distribution of the sources in K s is shown in Fig. 4 . Both NACO and SOFI sources are included, and the bin is 3 wide. The distribution falls rapidly as we move away from the centre until it becomes roughly constant at a value close to 200 sources/arcmin 2 . The dotted line represents the mean surface density in the K s band of our control field and the solid line represents our best fit of a King (1962) profile.
For this profile we have adopted the equation for the central and concentrated regions where the tidal radius can be neglected, and considered an additive constant C:
In this notation f is the surface number density at radius r, f 0 is the surface density at zero radius and r c is the core radius. This function provides a surprisingly good fit to the data considering it should map the density distribution of a single-mass population in dynamical equilibrium (Hillenbrand & Hartmann 1998; Binney & Tremaine 1987) , which is obviously not the case for Tr14 or other clusters, as they contain stars over the whole spectrum of masses. The issue of dynamical equilibrium, however, is not as clean cut. On one hand, the cluster has a detectable extension to the SW (see Fig. 3 ), hence it is not spherically symmetric, and the analysis of Vazquez et al. (1996) suggest it is not yet dynamically relaxed. On the other hand, the calculations of Penny et al. (1993) conclude that it is, although their results are based on a very limited number of sources. Regardless of the physical implications, the core of Tr14 can be robustly fit with a King profile that yields a core radius of 0. 17 (0.14 pc at the adopted distance of 2.8 kpc), a surface density at zero radius of 2.0 × 10 3 sources/pc 2 , and a constant C of 310 sources/pc 2 (210 sources/arcmin 2 ). Applying the relation between surface and volume number density of Hillenbrand & Hartmann (1998) for high density environments:
where n c is the volume density in the centre and f 0 is the surface density in the centre, we obtain a central volume density of 7.3 × 10 3 sources/pc 3 (2.7 × 10 3 M pc −3 ). This is a small number when compared to the values in the literature 7 , Rieke & Lebofsky (1985) . Hillenbrand & Hartmann 1998 ). The implications of this low central density and the fact that the O stars are not only limited to the cluster core, as well as the morphology, dynamical state, and star formation history of the cluster should be addressed further. Since the central density is largely constrained by the NACO data, where we are reasonably complete, it is not likely to be affected by any particular bias. Our core radius for Tr14 compares well with that of other clusters such as Orion, NGC 3603 or the Arches (Hillenbrand & Hartmann 1998; Stolte et al. 2006) but is larger than the core radius of NGC 2316, RCW 36, NGC 3606, or R 136 (Teixeira et al. 2004; Baba et al. 2004; Sung & Bessell 2004; Stolte et al. 2006) .
The fit of the King function without the constant C is poor and fails to adjust the tail of the distribution in Fig. 4 . However, its value is twice as high as the contamination derived from the K s band of the control field (107 sources/arcmin 2 ), suggesting the presence of a significant extended population in the area of the cluster, be it composed of objects belonging to either the cluster or the complex, or of sources unrelated to the star forming region, in the latter case implying that the real contamination of the science field is twice as high with respect to the control field. The nature of these sources and the overall contamination level will be addressed further in Sect. 3.2.
Foreground population
The average reddening toward the cluster can be estimated through the analysis of colour-magnitude and colour-colour diagrams and the fitting of main sequence (MS) and pre-main sequence (PMS) models to the data. colour-magnitude diagrams (middle and right panels, hereafter HK CMD and JK CMD respectively) for the SOFI data. The size of the symbols in the CC diagrams maps the brightness of each object in K s , the brightest objects having the largest symbols.
None of the diagrams shows an obvious foreground population, i.e., a population that is clearly separated from the cluster population by an "extinction wall" eventually produced by the embedding molecular cloud that should be surrounding the cluster, also in the foreground. If we look closely, however, we can see that the brightest stars in the CC diagram appear to be marginally separated in two distinct sequences, a "blue" sequence at lower reddening and a "red" sequence at slightly higher reddening. If we identify the two sequences by eye as depicted in the left panel of Fig. 6 8 , we can see that they present different spatial distributions, the blue sources appearing uniformly distributed across the field, while the red sources follow the density contour distribution toward SW (Fig. 7) . Furthermore, the red sequence is composed of systematically brighter stars (0.5 mag brighter on average), indicating some kind of intrinsic difference (age?).
It is clear from the comparison with the MS locus that both tentative sequences are composed of MS objects. The overplotted lines in Fig. 6 represent the empiric MS of Bessell & Brett (1988) in the CC diagram and of Lejeune & Schaerer (2001) in both CMDs, reddened by A v = 0.5, 1.4 and 2.6 mag. The blue sequence is compatible with an extinction between 0.5 and 1.4 mag in the CC diagram and the HK CMD, although the latter favours the higher values. The red sequence is fit well by an extinction of 2.6 mag in both diagrams. Oddly enough, there is no clear separation of the two sequences in the JK CMD. The unique sequence in this diagram is adjusted best by the MS at A v = 2.6 mag, although still marginally compatible with the 1.4 mag reddening found for the other diagrams. The vertical sequence around (J − K s ) ∼ 1.3 mag represents the PMS population of the cluster and is consistent with A v = 2.6 mag when adjusted by the models of Palla & Stahler (1993) , the same value found before for the red sequence, suggesting association with the cluster. The presence of a MS population in a young cluster is not necessarily odd: the brightest end should reflect the MS nature of the most massive cluster members, whereas the faintest end can be explained if the cluster has undergone continuous or several episodes of star formation, or by contamination from older stars formed in the Carina complex. We therefore assume a value of A v = 2.6 ± 0.3 mag for the global reddening toward the cluster and assume that the red sequence is physically associated to the cluster.
Regarding the origin of the stars in the blue sequence, it may be useful to consider the Carina Nebula as a global, dynamic, and interacting system. The smaller extinction found for this sequence locates its components in the foreground of Tr14, although they are unlikely to be regular field stars, foreground to the whole Carina complex, but more evolved members of the other nearby clusters in the nebula that have had time to spread as far as the location of Tr14. This is because 1) the sequence is well-defined, hence the sources should be at about the same distance, and 2) the sequence contains massive OB stars, not easily found in the field.
A scenario of dynamical redistribution of the sources in the complex is not improbable given the amount of different clusters with massive stellar content associated to the cloud. In previous studies, Feinstein et al. (1973) have proposed that Tr14, Tr16 (to the south) and Cr232 (to the northeast) belong to the same group and were supported by the proper motion studies of Cudworth et al. (1993) , who also conclude that the three are physically associated. In 1976, Feinstein et al. suggested that Cr228 had stars from Tr14/Tr16, despite this cluster being located 10 south of η Car. Recently, Tapia et al. (2003) reported the lack of a significant low-mass population in Cr232 suggesting in this way that it was not a cluster. Did the cloud not form the low-mass population to go with the O and B stars that characterise Cr232 or has this population been ejected away from the core by some dynamical process? All the nearby clusters are thought to be older than Tr14, which is consistent with the MS nature of the objects in the sequence. Furthermore, their tight distribution in A v also suggests a tight spatial constraint for their location, as expected if they were somehow associated to the nebula. All these possibilities make it plausible for the observed blue sequence to have originated in one or several of these groups. The fact that they are uniformly distributed across our field (Fig. 7) does not favour any particular origin.
We would like to note that, although the separation of the MS stars into two distinct sequences does appear real, the limits are too faint to exclude the possibility of a single population with a gradient of extinction. The remaining analysis of these data is not significantly affected by either scenario.
3.3. Cluster structure: a well-defined core-halo structure
We now re-address the foreground/background contamination issue already introduced in Sect. 3.1, as well as the nature of the additional uniform population found then in the radial surface density profile. Let us now consider only the sources detected in all three J, H and K s bands, as opposed to including all sources detected in K s . The radial profile of the cluster becomes a scaled-down version of the one on Fig. 4 , flattening around the same radius at a density of 150 sources/arcmin 2 (2226 sources for the science-field area), and the control field mean density drops to 26 sources/arcmin 2 (which translates to a total of 386 contaminant sources for the science field area). For comparison, we detect a total 2808 sources in J, H and K s in the science field. If the control field was to be a good representation of the foreground/background contamination, then the science field should contain about 386 sources unrelated to the cluster. However, we detect only 130 stars in the well-defined main-sequence of the CMDs, half of which belong to the red sequence defined above, which we believe to be part of the cluster. As a result, we can account for only about 65 of the inferred 386 contaminant sources, unless the remaining contamination is caused by background in the form of highly reddened stars hidden in the PMS region of these diagrams. This seems very unlikely since the control field significantly overestimates the contamination of the science field. Indeed, the scarcity of foreground field stars seen in the CMD diagram, suggests that the Carina Nebula is located in the first plane of the Sagittarius-Carina (S-C) spiral arm, where one expects little contamination from the local arm and also little or none from the S-C arm itself. Because, contrary to the cluster field, it does not have a giant molecular cloud to block the background (Tapia et al. 2003) , the control field could be probing deeper into the S-C arm, hence containing a relatively larger number of field sources.
Even if we do (over)subtract the mean control field density from the cluster's density profile as a rough measure of the contamination, we will still have to explain a stellar surface density of ∼125 sources/arcmin 2 (which translates into 1870 sources for the science field area, or 70% of the total number of stars in the JHK s sample) present in the field in the form of an extended population. Since the level of contamination from the control field more than accounts for the totality of our main-sequence stars, we can only conclude, based on the CMD diagrams, that this extended population is largely composed of PMS objects and for this reason must be associated with the cluster or with the largerscale Carina complex. If this is the case then the cluster core, as characterised by the King profile in Fig. 4 , must be embedded in an extended halo of young stars. In favour of this argument, recent X-ray studies of this region (Sanchawala et al. 2007 ) have found the presence of an extended population of X-ray emitters, likely late-type PMS stars, surrounding the Tr14 cluster core (see Fig. 12 ). Bate et al. (2003) present results of a 3D simulation that follows the collapse and fragmentation of a large-scale turbulent molecular cloud to form a stellar cluster. They concluded that young stars can still travel significantly away from their birthplace in a typical star formation timescale, creating a halo surrounding the core of the cluster. They do not characterise their halo, since their cluster only has 50 objects, but a similar mechanism could be at the origin of the massive halo observed in Tr14. We can speculate further that the ratio of stars in the halo is likely to be a function of the initial distribution of molecular gas, which would vary from cluster to cluster.
In the left panel of Fig. 8 , we present a 0.35 • 2MASS K-band stellar density map centred on Tr14. Although 2MASS does not have the spatial resolution to account for the peak in stellar density at the core of Tr14, it is obvious that there is an extended and isolated stellar population in excess of the average stellar density in the map, on which the Tr14 core is embedded. It seems that Tr14 has a well-defined core-halo structure, where, and for the area surveyed, we have about 30% of the cluster residing in the King-like core and the rest (70%) in the extended halo. Given that we do not survey the entire halo, the true ratio between the core and halo population should be more extreme. To characterise the size of the halo population we present in Fig. 8 (right panel) the radial profile of the stellar surface density, centred on Tr14. The dip between 0 and 1 arcmin is caused by the crowded core (see Fig. 4 ) which is not resolved in the 2MASS data. We conclude from this profile that the average radius of the halo population is about 5 arcmin. The shallow dip between 5 and 10 arcmin is very likely due to the heavy extinction regions surrounding Tr14. The peak of the halo population is located in the well-known photodissociation region (left panel of Fig. 8 ) where star formation is currently very active (Brooks et al. 2001; Rathborne et al. 2002; Tapia et al. 2003 Tapia et al. , 2006 ). This region is just outside our survey and so a similarly deep and high-resolution, but wider coverage, study will characterise the nature of the entire halo region better.
Background extinction
We can estimate the spatial distribution of background extinction in the cluster area through NIR colour excesses (Lada et al. 1994; Alves et al. 1998 ) of the (SOFI) sources most likely to belong to the background. This selection comprises all the sources brighter than K s = 15.5 mag and with (J − H) > 1.5 mag (left panel of Fig. 9 ) and amounts to a total of 60 stars. The (H − K s ) colour of each object was transformed into individual visual extinctions A v by assuming an intrinsic colour of (H − K s ) int = 0.15 mag for these stars (mean colour for the giants) and the reddening law of Rieke & Lebofsky (1985) :
The extinction map (right panel of Fig. 9 ) was then obtained by dividing the field into overlapping pixels of 112 side separated from one another by half a pixel and averaging the individual extinction of all objects falling on each pixel. The large pixel size reflects the need to guarantee acceptable statistics in each pixel, given the small total number of stars available for the map. The extinction map reveals a clear gradient in the east-west direction with the largest extinction to the east, although the variations in A v around the mean value are small ( A v = 11.95 mag, σ = 0.53 mag). This implies that the cluster is located towards the near-face of the molecular cloud as seen from Earth, since the total foreground extinction is 2.6 A V mag. The bright stars in the centre of the cluster are almost aligned horizontally to the west of the O2 star HD 93129A (star symbol in Fig. 9 ) as can be seen in the three colour image of the cluster (Fig. 1) , suggesting a correlation between the extinction gradient and their impact on the cloud. Also, this map correlates well with the CO large scale map of Brooks et al. (2003) , where Trumpler 14 seems to be located in a "valley" of CO emission, at the edge of the Northern Molecular Cloud.
The total molecular gas traced by this extinction map can be derived from the extinction map using the following simple relation:
where d the distance to the cloud, µ the mean molecular weight corrected for helium abundance, β K 1.67 × 10 22 cm −2 mag −1 is the ratio N(H I ) + N(H 2 )/A K (Savage & Mathis 1979) , and the integral is evaluated over the whole field ω. Assuming a standard cloud composition (63% hydrogen, 36% helium, and 1% dust), we find µ = 1.37 and a total mass M ∼ 2500 M , where the uncertainty is dominated by the distance uncertainty to this region.
Distance
Assuming the stars in the red (main) sequence are cluster members or are, at least, at the same distance and reddening as the cluster, we can try to constrain the distance by fitting of MS tracks. The possible fits of the MS of Lejeune & Schaerer (2001) to the data allow for distances between 2.1 and 3 kpc, well within the range found in the literature. Since we cannot constrain the distance any further with our data we, adopt the distance of 2.8 kpc derived by Tapia et al. (2003) for Tr14 from spectral parallax in the optical and NIR of 17 (cluster) stars. where N exc is the number of sources with excess, i.e., the number of sources that fall to the right of the reddening band subtracted of those that fall to the left of the band to statistically account for the effect of random photometric errors. N cl is an estimate of the number of cluster members -for the SOFI data, it is the total number of sources in the sample subtracted of a constant contamination level to account for the presence of sources foreground and background to the cluster in the field, and for the NACO data is simply the number of sources in the sample since there is no appreciable contamination. The contamination level for the SOFI data has been taken from the mean density of the control field from the sample common to the three bands, which amounts to 26 sources/arcmin 2 (see Sect. 3.2). Since we believe this to be an overestimate of the actual contamination in the science field, the alternative would be to use the number of stars in the blue sequence described in Sect. 3.2 as the number of "contaminants", but in this way we would not be accounting for the background contamination that could be significant. Using the control field, we obtain an excess fraction of 5% for the SOFI data. For reference, if we had used the tail of the density distribution as the contamination level for the science field (therefore including what we called the halo stars in the calculation as contaminants), we would obtain a value of 25% for the SOFI excess fraction.
Excess fraction
The density of sources with excess follows the global density distribution for the SOFI sample, slightly increasing toward the centre and flattening for larger radii. After subtracting a constant density of 12 sources/arcmin 2 to the excess profile to account for the sources that fall to the left of the reddening band, the tail of the profile goes to zero. Considering that the outer parts of the field are dominated by halo stars this result suggests either a very small and constant, or else absent, fraction of JHKexcess sources in the halo population, suggesting, perhaps, that the halo population is relatively older on average then the core population, although this is definitely not the case for the southwest end of the halo (see Fig. 8, left panel) where active star formation is currently taking place. More observations are necessary to address the halo excess issue, namely in the excess-sensitive L band.
The excess analysis of the NACO data is somehow more complex. Using the procedure described above, we derived the excess fraction from the JHK s data for comparison with SOFI and found a value of 34%, almost one order of magnitude higher than that of SOFI. We did expect to find a larger excess fraction in the most concentrated area of the cluster, since (1) this area is dominated by cluster members, whereas the outer areas have a larger contribution from the foreground/background sources; (2) this is where we expect to find the most stars according the spatial distribution of sources (see Sect. 3.1), the low-mass stars being dominant; and (3) this is the area most prone to crowding, therefore most sensitive to incompleteness effects in the low-mass end. However this value is much too different to be explained by these effects alone. In the process of investigating the possible causes for such a large difference, we found a suspicious spatial distribution of the excess sources in the NACO sample. Rather than being uniformly distributed across the field, the NACO excess sources concentrate around the O2 star HD 93129A in a ring. This distribution follows the pattern of the anisoplanatism from the adaptive optics, radially increasing from the guide star, which suggests this excess enhancement is caused by an AO-related effect. Our best guess for the origin of this effect goes back to the calibration of the photometric scale. Under ideal conditions, the anisoplanatism should decrease with increasing wavelength but, in our images, it is worse in H than in J, and in K s when compared to H. This causes the PSF of the stars farthest from HD 93129A -the guide star used for the AO correction -to be increasingly more elongated in J, H and K s , thus distributing the flux over an increasingly larger area and causing the brightness of these stars to be increasingly underestimated for longer wavelengths. Since the anisoplanatism affects a large fraction of the stars in the sample, the calculation of the zeropoint must also have been affected by trying to compensate for this effect, causing a "reddening" of the sources that mimic the characteristic colours of the objects with excess. The JHK s excess fraction derived from the NACO data is therefore overestimated and should not be regarded as accurate. We had hoped that our conservative error cuts in sharpness and chi (see Sect. 2.2.2) had dealt with the anisoplanatism is such a way as to reject the most elongated sources. That it did not illustrates the limitations of the IRAF PSF fitting routines when faced with adaptive-optics data.
The NACO JHK s L data present an excess fraction of 35%. Although the anisoplanatism is barely visible in the L band, a similar effect to the one described above for J, H and K s could still be present in this calculation. However, since the spatial distribution of the sources with L -band excess does not follow the anisoplanatism pattern, we believe this is not the case. The cause for this may be that the centroid of the AO-affected sources in JHK s is systematically offset from the actual position measured by the anisoplanatism-free L band, causing the affected sources to be discarded from the common sample and thus eliminating the false excess sources. Furthermore, since the L -band is considerably more sensitive to excess emission than K s is, we expect any residual manifestation of this effect to be diluted in the large separation induced by the L band on a (J − H) vs. (K s − L ) diagram, hence not affecting the result much. The large difference between this excess fraction and that of SOFI is therefore most likely due to the true excess emission rather than to the AO-induced effect. The value from the L band should anyway be underestimated, given the bright completeness limit in this band and the fact that the faintest stars usually account for the majority of excesses in a cluster (Haisch et al. 2001a; Carpenter et al. 2006) . Also, we note that this excess fraction, having been derived only for the cluster core, may not be (and probably is not) representative of the excess fraction in the cluster as a whole.
Perhaps most important is that over 70% of the sources belong to the halo, and are therefore further away from the destructive ionisation fields surrounding the massive OB stars, which seems to imply that the lifetime of circumstellar disks in massive clusters is not simply correlated to the ionising flux from the most massive stars in the cluster. If the fraction of excess sources in Tr14 was to follow the time evolution derived for nearby, although less massive, clusters (Haisch et al. 2001b) , one would infer that the cluster core should be about 4 Myr or younger. This age estimate is consistent with the age estimate of this cluster (see next section), although this cluster has on average about two orders of magnitude more ionising flux than the relatively nearby clusters studied in Haisch et al. (2001b) .
Age and age spread
We used PMS isochrone fitting to the data on the JK CMD to derive the age and age spread of the cluster. Like in an HR diagram, the PMS isochrones in a CMD have a descending, vertical component that corresponds to the Hayashi tracks, a more horizontal component equivalent to the Henyey tracks (just before the beginning of hydrogen burning), and another vertical component located roughly along the ZAMS. Since the low-mass stars, the most abundant in a cluster, spend more time on the Hayashi track than on any of the subsequent stages (Stahler & Palla 2005 ), a young cluster population is expected to exhibit a well-defined vertical sequence merely due to statistics. Furthermore, since the vertical tracks for different masses do not separate well in (J − K s ), this sequence should be relatively thin in the absence of differential reddening. This is indeed observed in most clusters and in Tr14 in particular ((J − K s ) ∼ 1.3 mag, right panel of Fig. 5 ), despite the actual presence of differential reddening. Although this sequence is too confusing (data) and too ambiguous (models) to allow for reliable isochrone fitting, it is possible to estimate the age of the youngest PMS objects in the cluster simply by tracing the magnitude of the brightest stars in this sequence. For the assumed distance (2.8 kpc), this is consistent with a minimum age between 0 (i.e., the birthline) and 0.3 Myr (Fig. 13) , which is compatible with the ages of the most massive stars. In particular, the sources detected in the X-rays with Chandra from the ANCHORS database 9 (Spitzbart & Wolk 2004 ) (81.1% of which have NIR counterparts) are mostly located in the PMS region of the JK CMD and are consistently distributed along the youngest isochrones, quite similarly to the distribution of the NACO data from the cluster core (Fig. 11) . Spatially, these sources do not contradict the surface-density distribution of the cluster, as they appear to concentrate toward the centre and the SW quadrant of the frame (Fig. 12) , although there is a significant fraction still scattered in the field.
The horizontal, Henyey tracks make up a transition region between the MS and PMS populations that could, in principle, also be used to constrain the age of a cluster. In the case of a coeval population, the data should present a well-defined "arc" 9 http://cxc.harvard.edu/ANCHORS/ in the gap between the PMS and MS vertical sequences, as all the stars in a given mass range would be located in the same well-defined isochrone. This is also valid for several populations within the same sample, in which case this gap would be populated by as many arcs as different (coeval) populations providing the age difference between populations would be large enough to cause a significant separation in the diagram. In the case of Tr14 there are very few objects in this transition region (roughly 0.5 < (J−K s ) < 1 mag) and no specific horizontal track is particularly well-defined, although there are some small, arcshaped concentrations that are probably worth exploring. The first and probably most significant is found near K s ∼ 13.3 mag, which, at the adopted distance, corresponds to an age between 3.2 and 5 Myr (Fig. 13 ). Around K s ∼ 12.7 mag, there is another small concentration of points well fit by the isochrones of 1.4 to 2.5 Myr and, willingly, there is yet another between K s ∼ 11 and ∼11.7 mag, well fit by the 0 to 0.3 Myr isochrones. These concentrations are arguably significant and are discussed here only for the sake of completeness in the analysis. If they are real, they may indicate several episodes of star formation that may eventually be related to the history of energetic events in the complex in a scenario of triggered star formation. If, on the other hand, we interpret these enhancements as chance alignments of a random distribution of sources in the PMS-MS transition region, then a continuous star formation scenario that would not favour any of the isochrones in particular would be more appealing. Either way these data suggest the cluster has formed over a long period of time as opposed of having formed in a single and fast episode. If the red sequence found in Sect. 3.2 does indeed belong to the Carina region then it would represent a population of objects older than 6 Myr, the time it takes most stars to reach the ZAMS. The same argument is valid for the halo population with the exception of the age constraint since it is clear that this population is PMS in nature (see Sect. 3.2) . With our data we cannot tell whether these populations eventually originated in Tr14 or anywhere else in the complex.
K s -luminosity function
As suggested in Sect. 3.1 the science field is very likely contaminated by foreground/background sources that must be accounted for when building the K s -luminosity function (KLF). This is done for the SOFI data by statistically subtracting the foreground and background objects estimated by a nearby field at the same galactic latitude as the cluster. Although this field was observed with the same exposure time as the long-exposure science frames with the aim of obtaining a field of the same depth, the weather conditions deteriorated and the control field does not go as deep as the science field. The faintest star in the control field is K s = 17.90 mag, whereas the faintest star in the science field is K s = 19.83 mag, almost two magnitudes fainter.
Since we only observed a control field for the long exposures, we also lack information about the contamination in the range of magnitudes K s = 9.2 mag to 11.3 mag, the saturation limit for the SOFI long exposures. This was overcome by combining the information in the 2MASS data for the control field for the bright objects (K s < 14 mag) and our control field for the faint (K s > 14 mag). As stated before, it is likely that this control-field KLF may be overestimating the actual contamination in the science field since, according to Tapia et al. (2003) , the cloud wrapping the cluster should block a significant fraction of the background contamination. We did not estimate a control-field for the NACO data, because it does not appear to have a significant number of non-cluster members judging by the colour-magnitude diagram in the left panel of Fig. 11 . Figure 14 shows the KLF for the SOFI data (left panel) and the NACO data (right panel). The magnitude bins are 0.5 mag wide. The SOFI KLF rises smoothly until K s = 14.5 mag (the 90% completeness limit in this band) and flattens toward fainter magnitudes. The peak around K s = 18 mag is produced by the brighter completeness limit in the control field when compared to that of the science frames, so it is not real. That the KLF does not decrease even after the 90% completeness limit suggests the actual distribution should continue to rise for fainter magnitudes.
Cluster mass
With the present data, it should be possible to derive an approximate mass function (MF) and an estimate for the total mass of Tr14, assuming a given mass-luminosity (ML) relation. Given the uncertainty in the age (and age spread) of the cluster, we have used a set of four simplistic ML relations, each assuming a fixed-age (0.5, 1, 3, and 6 Myr) cluster and assuming that all stars brighter than a given value (K s = 13.00, 13.00, 13.70, and 13.95 mag for each age, respectively) are MS objects whereas all the fainter ones are PMS. The larger caveats in these assumptions are (1) that the cluster is composed of a mixed-age rather than a fixed-age population, quite probably with a significant age spread (Sect. 3.7); (2) that the science field is largely dominated by halo stars, while the present study does not cover the halo completely (Sect. 3.6); and (3) that the transition in brightness from PMS to MS is more complex than a simple brightness limit ). The extent of the consequences of these assumptions is not evaluated here. The membership problem was addressed statistically via the subtraction of the mass function of the nearby control field. Again, although we believe the control 5" Fig. 15 . Location of the proplyd candidates identified by Smith et al. (2003) in our SOFI images. From left to right, using their nomenclature: (e) (104339.1-593257 and 104339.8-593247), (f) (104402.8-593209, 104402.3-593214, and 104402.5-593218) , (g) (104411.2-593325) and (i) (104359.6-593238). In the colour images blue is J, green is H, and red is K s . The leftmost image is black and white because it is only present in our K s -band image.
field to be an overestimate of the actual contamination in the science field, we have found no other reasonable method to deal with the contamination.
We applied these ML relations to our K s -band photometry and found that the high-to intermediate-mass end of the MF flattens monotonically 10 with the assumed age from 1.97 ± 0.12 to 1.40 ± 0.12 for 0.5 and 6 Myr, respectively (a Salpeter powerlaw would have a slope of 1.35 in this notation). The best fits of a Kroupa (2001) IMF to the high-mass end of each derived MF yields a total mass between 8847 and 10861 M for 0.5 and 6 Myr, respectively, or about 10 4 M 11 . The corresponding mass of the most massive star predicted by this IMF varies between 153 and 178 M for the two age limits, which compare well with the derived mass of 127 M for the O2 star (Walborn et al. 2002) . All these values are probably an underestimate, given 1) the relatively bright completeness limits and the over-subtraction introduced by the control field MF, and 2) the fact that we are not surveying the entire halo population (see Sect. 3.3) . Regarding the slope of the MF, it is interesting to note that the value closest to Salpeter occurs for the older assumed age. Assuming, for the sake of argument, that the Salpeter MF is universal and, in particular, applicable to Tr14, this result would agree perfectly with how the science field is dominated by the halo population, which we believe could be slightly older on average than the core.
These experiments illustrate the importance of keeping the caveats in mind when deriving mass functions from photometric (NIR) data. The large uncertainties usually associated with the distance, age, age spread, membership and mass-luminosity relations in young clusters make the estimate of the mass function itself very uncertain. The comparison between different mass functions in the literature may also be somewhat affected by the assumptions made by each different author, making it difficult to assess the universality of the IMF. We hope to be able to address this matter in a future paper. 10 The slope of the MF was determined from the bins corresponding to the MS part of the ML relation both for consistency and to avoid the errors introduced by the criteria used to distinguish between MS and PMS objects.
11 All the masses must be corrected by a factor of (d 2 /2800 2 ), where d is the true distance to the cluster, should our adopted value be corrected in the future. An interesting object was revealed in the NACO thermal-IR images seen as a faint point source in H and with a faint "tail" in K s , while it appears in the L band and 4.05 µm NACO images as an extended object with a bright "head" and a long tail pointing directly away from the bright O2 star at the cluster's core, HD 93129A. This object resembles the bright proplyds (photoevaporating protoplanetary disks) found in the Orion Nebula (O'dell & Wen 1994; Bally et al. 2000; Smith et al. 2005a; Bally et al. 2005; Vicente & Alves 2005) . If confirmed it would be the first proplyd-size object detected in a dense cluster harbouring high concentration of O-type stars. Perhaps revealing, is that this was also the only clear proplyd-like object found in our survey. A dedicated study of this object appears in a follow-up paper by Vicente et al. (2007) . Smith et al. (2003) have found numerous proplyd candidates in Hα images in the vicinities of Tr14. Some of these objects are present in the SOFI NIR images (Fig. 15) , namely (e) 104339.1-593257 and 104339.8-593247 (only present in our K s -band image), (f) 104402. 8-593209, 104402.3-593214, (g) 104411.2-593325, and (i) 104359.6-593238, in Fig. 1 of SBM03 paper. The identified candidates are dark compact objects seen in silhouette against the bright nebular background. For them to be real silhouette proplyds or protoplanetary disks, they should contain an embedded star (Bally et al. 2000) . At continuum NIR wavelengths, where extinction is reduced compared to optical, such a star should become obvious, even in edge-on configurations where it could be traced by scattered light. McCaughrean et al. (1998) presents optical (0.52-0.58 µm) and NIR (0.8-1.4, 1.4-1.8, and 1.9-2.1 µm) HST continuum images of the 114-426 disk, where a wavelength-dependent morphology for the polar lobes is clearly shown. As the wavelength increases, the nebulae appear to move close together, since the reduced extinction allows us to probe closer to the disk midplane, their brightness increases, and they appear to flatten from conical to slablike. Our observations are then suitable for further investigation if some of the proplyd candidates can be confirmed or rejected.
Real proplyds?
Although larger, candidates (e) (∼5000 AU) and (f) resemble some of the pure silhouettes seen in Orion (Bally et al. 2000) , while (i) has a "mushroom" morphology not found in Orion.
Candidate (d) has a rather irregular shape that is also not found in Orion. We do not find any evidence that these candidates are harbouring a star. Moreover, candidate (f) seems to vanish in the NIR images as if it were a piece of not very dense molecular cloud. We suggest then that the objects (e), (f), (i), and (g) are probably not proplyds but remnants of the disrupted molecular cloud similar to many others seen in the Carina Nebula.
A compact nebula
A relatively large compact nebula is found surrounding a late-O or early B-star (Rathborne et al. 2002; Vazquez et al. 1996) located at 10 h 44 m 05. s 1, −59
• 33 41 in the JHK s SOFI images (see Fig. 16 ). This nebula has a width of about 2.5 or 7000 AU and is located at about 4-11 , or 11 200-30 800 AU, from the star. It is hard not to notice that this nebula has the shape of a parabolic arc pointing in the direction of the Tr14 O2If* star, suggesting a shock front at a projected distance of 68 or 0.9 pc, but it is hard to argue why this is the only star presenting such a shock at such a large distance. More likely is that this nebula is a compact H II region associated with this young star.
An extended feature
A slightly extended object (10 h 43 m 57. s 3, −59
• 32 57. 59) is detected in the NACO JHK s images (∼50 mas/pix) as a bright source elongated to the west, with size 0. 35 or 980 AU. In the L -band (∼27 mas/pix) (see Fig. 16 ), one starts to resolve its structure, appearing as two sources separated by 0. 16 or 450 AU. The object to the east is clearly a point source. The object to the west is fainter and elongated and it could be a younger embedded object, a photoevaporation structure, or even a relatively small shock from a jet interacting with the medium. With the present data it is not possible to say whether the two objects are even related. Multi-wavelength, high-resolution images and full 3D-spectroscopy are required to investigate the nature of these objects further.
Conclusions
We have presented the immediate results of a deep, NIR JHK s L survey of the rich cluster Tr14. Our main conclusions can be summarised as follows.
-We find that Tr14 has a well-defined core-halo structure, where less than 30% of the cluster's members reside in the core. The core seems to merge with the halo at 1. 0 (∼0.8 pc at the adopted distance of 2.8 kpc) from its centre while the halo appears to have an average radius of 5 (∼4 pc at the adopted distance).
-The core has a centrally concentrated geometry that is characterised well by a King function with a core radius of 0. 17 (0.14 pc at the adopted distance) and a constant baseline of 125 pc −2 . Despite the unusually large number of OB stars, the surface density at zero radius (2 × 10 3 pc −2 ) implies a central number density of ∼7.3×10 3 pc −3 (2.7×10 3 M pc −3 ) that is loose in comparison with similar clusters (by factors of 40 and 100 M pc −3 for NGC 3603 and Arches, respectively) and less massive clusters (e.g., by a factor of 15 for Orion).
-The fit of MS and PMS tracks to the colour-colour and colour-magnitude diagrams yields a global reddening toward the cluster of A v = 2.6 ± 0.3 mag and present no evidence for an abnormal reddening law. We find a sparse foreground population (∼5 sources/arcmin 2 ) reddened by about A v = 1.4 mag, which we suggest is not associated with Tr14 but, most likely, comprises an older population produced in the nearby young clusters of this complex.
-The colour-magnitude diagrams are compatible with ages between "zero" and ∼5 Myr, although the sources from the core of the cluster appear to concentrate on the youngest isochrones, suggesting that the halo population is, on average, slightly older than the core population. The age spread inferred from our data supports a continuous star formation scenario over the last ∼5 Myr.
-We constructed a background-extinction map for the cluster area derived from the colour excess of bona-fide background sources that reveals that the cluster is located in a "valley" of column density, likely carved by the O-stars in the core of the cluster. We estimate the molecular gas mass present behind the cluster to be ∼2.5 × 10 3 M .
-We determined a fraction of sources with excess emission in the NIR of 4% from the SOFI JHK s data and of 35% from the NACO JHK s L data. We expect the latter to be a lower limit for the true NIR excess fraction in the cluster given the bright completeness limits of the L band.
-Our data show an increasing KLF toward the faintest stars (at least) until the hydrogen burning limit, suggesting a significant low-mass population. The presence of a rich PMS population is confirmed by our colour-magnitude diagrams.
-We used a set of simplistic, fixed-age mass-luminosity relations to derive the mass-related parameters for Tr14. With these relations we find a monotonic flattening of the mass function with the assumed age that culminates in a Salpeter power-law for the high mass end and an age of 6 Myr.
Despite the large caveats introduced by our somewhat strong assumptions, this result illustrates the difficulties when trying to estimate mass functions from NIR, photometric data. A fit of a scaled "normal" IMF to the cluster's mass function yields a total mass between 9000 and 11 000 M for an assumed age of 0.5 and 6 Myr.
-We argue that the Smith et al. (2003) proplyd candidates that fall inside our survey (6 candidates) are not proplyds but remnants of the disrupted molecular cloud that surround the cluster.
-We find a series of interesting objects in our field that are worth future attention: a candidate photoionised proplyd best seen in the L band, a compact nebula surrounding a B-star, and a tentative proplyd/small shock associated with a faint source.
